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ABSTRACT
Tissues were collected from three species of sea turtles
which had stranded in Virginia, North Carolina, and Hawaii.
The samples were analyzed to determine the concentrations of
organochlorine pollutants present. Tissues were desiccated and
extracted with dichloromethane. Extracts were purified by size
exclusion gel permeation chromatography to remove biological
molecules and open column chromatography with Florisil to
remove polar interferents by adsorption. Purified extracts
were injected on a capillary gas chromatograph equipped with
an
electrolytic
conductivity
detector.
Tentative
identifications were obtained by comparison of retention
indexes to those of known standards and confirmed by negative
chemical ionization mass spectrometry.
Quantitation was
accomplished by comparison of area counts of organochlorine
analytes to those of an internal standard. A pilot study of
organochlorine partitioning indicated that organochlorine
concentrations decreased with decreasing tissue lipid content.
Subcutaneous fat had the highest lipid content (mean = 49.3%
wet weight, std. dev.= 19.1) and organochlorine concentrations
(mean = 252 jug/kg, std. dev. = 196) , followed by liver,
kidney, and pectoral muscle. Gonad tissue had a higher lipid
content than pectoral muscle, yet no organochlorine pollutants
were detected. This may be attributed to the small amount of
gonad tissue available from the juvenile turtles in this study
resulting in a high method quantitation limit. Further
analyses
of subcutaneous
fat and liver from Atlantic
loggerheads
and
Kemp's
ridleys
yielded
organochlorine
contaminant concentrations of 55.4 -1730 ng/kg and 7.46 - 607
/ig/kg, respectively. Hawaiian green turtles contained lower
levels.
The
predominant
organochlorines
present
were
polychlorinated biphenyls
(PCBs)
and the organochlorine
pesticide DDT and its metabolites, DDE and DDD. Five congeners
accounted for a mean of 66.0% of the total PCBs in the liver
(std. dev. = 15.9). A similar pattern was seen in the
subcutaneous fat. Congener #153 (IUPAC nomenclature) was the
major congener present, followed by #138, #180, #118, and
#187.
The effect of tissue lipid composition on organochlorine
accumulation was studied. Samples of selected sea turtle
tissues were extracted using a modified Bligh and Dyer
procedure.
Lipid classes were separated by thin layer
chromatography on silica coated glass plates. Subcutaneous fat
contained the highest proportion of triglycerides, followed by
liver and pectoral muscle. This pattern corresponds to the
pattern of organochlorine accumulation. A comparison of
methylene chloride Soxhlet extraction to the widely used
chloroform-methanol extraction method, revealed that the total
amounts of lipid extracted were not significantly different (a
= .05). The Soxhlet method, however, resulted in some degree
of lipid class degradation and discrimination.
ix

DISTRIBUTION OF ORGANOCHLORINE POLLUTANTS IN SEA TURTLES

CHAPTER I
GENERAL INTRODUCTION
Organochlorine pollutants are a ubiquitous family of
anthropogenic compounds in the environment. Because of their
high degree of chemical stability, they have been widely
used in industry and agriculture. It is this chemical
stability that has allowed some organochlorines to persist
in the environment for decades (Duffus 1980).
Polychlorinated biphenyls (PCBs) are a class of
organochlorine compounds which were manufactured in the
United States under the trade name Aroclor. They are
characterized by low water solubility, high dielectric
constants,

low vapor pressures, and low flammability.

Because of these properties they were used in hydraulic
fluids and lubricants, transformers and capacitors, and fire
retardants (Borlakoglu & Haegele 1991). The United States
banned the manufacture of PCBs in the 197 0s. They were not
used as pure compounds, but as complex mixtures of
structural isomers called congeners. Because of variation in
the chlorine substitution pattern around the two phenyl
rings, there are 209 possible congeners. In the environment,
less than 100 congeners account for most of the PCBs
detected in sediment and biota samples (Duinker & Hillebrand
1983) .
The pattern of chlorine substitution plays a major role
in the bioaccumulation and relative toxicity of individual
2
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congeners. Studies have shown that congeners having two or
more chlorine atoms in the ortho position are highly
resistant to degradation (Zell & Ballschmiter 1980). Two
adjacent unsubstituted carbon atoms appear to be necessary
for the oxidative breakdown of the PCB molecule (Boon &
Eijgenraam 1988, Oliver & Niimi 1988). Toxicological studies
have demonstrated that the most toxic PCB congeners are
those having chlorine atoms in the meta and para positions
of both rings. Non-ortho substituted congeners are called
coplanar congeners because their substituents are capable of
lying in the same plane. The coplanar congeners have been
shown to have dioxin-like toxicity and are strong inducers
of the cytochrome P450-dependent monooxygenase activities of
both aryl hydrocarbon hydroxylase (AHH) and
ethoxyresoruflin-o-deethylase (EROD)

(Lazar et a l . 1992,

Skaare et a l . 1991, McFarland & Clark 1989). In addition to
the pattern of substitution, the degree of chlorination
contributes to accumulation. Studies indicate that the lower
chlorinated congeners are more easily metabolized, while
binding of the higher chlorinated congeners to sediments may
reduce bioavailability (McFarland & Clark 1989).
Dichloro-diphenyl-trichloroethane (DDT) is an
organochlorine pesticide which was first synthesized in
1874. Its properties as an insecticide became known in 1939.
During World War II, large quantities of DDT were used for
the eradication of insect-borne diseases such as typhus and
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malaria. Agricultural and commercial use of DDT became
widespread in the United States after 1945. DDT remained in
use for 30 years due to its effectiveness, persistence,
versatility and reasonable cost. Although scientists warned
of possible environmental hazards as early as the
mid-1940's, public concern was not widely stimulated until
the publication of Rachel Carson's book Silent Spring in
1962. Beginning in 1967, various environmental groups
initiated court proceedings to ban the use of DDT. On June
14, 1972, the Environmental Protection Agency (EPA)
Administrator announced a final ban on all remaining crop
uses of DDT in the United States. This order did not affect
public health uses or exports of DDT. Appeals were
immediately filed by the pesticide industry, who wanted to
nullify the EPA ruling, and the Environmental Defense Fund
(EDF), who sought to extend the ban to all uses of DDT. On
December 13, 1973, the United States Court of Appeals for
the District of Columbia upheld the EPA's ban on DDT (U.S.
EPA 1975).
Parent DDT has an environmental half-life of ten years
or more (Duffus 1980). The major degradation routes for DDT
in vertebrates are dehydrochlorination to dichloro-diphenyldichloroethylene (DDE) and reductive dechlorination to
dichloro- diphenyl-dichloroethane (DDD). DDE is a product
of, or an intermediate in, the slow transformation of DDT by
light and air. Biotransformation by organisms also plays a
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role in the conversion of DDT to DDE. Most organisms
examined form DDE to some extent and the compound is
persistent in the environment. The direct reductive
dechlorination of DDT to DDD has been reported to occur by
nonenzymatic and anaerobic enzymatic mechanisms. Bacterial
production of DDD occurs without intermediate formation of
DDE and some evidence exists for direct DDD formation in
mammals involving both gut flora and the liver. The ultimate
breakdown of these metabolic products from higher organisms
depends on the ability of microorganisms to open the rings
of complex polycyclic molecules and to further degrade them,
eventually to carbon dioxide and water (Brooks 1974).
Many organochlorine compounds are lipophilic and tend
to partition into tissues with high percentages of lipid,
particularly neutral lipids such as triglycerides (Kammann
et a l . 1990, Boer 1988). The tendency for these chemicals to
bioaccumulate with increasing trophic level has been well
documented (Evans et a l . 1991, Muir et a l . 1988, Oliver &
Niimi 1988). Numerous studies suggest that chlorinated
hydrocarbon exposure may contribute to decreased
reproductive success in a variety of organisms,

including

fishes (Spies & Rice 1988, Smith & Cole 1973), reptiles
(Bishop et a l . 1991), birds (Henny & Herron 1989, Roylance
et a l . 1985) and marine mammals (Subramanian et a l . 1987).
It has been suggested that high PCB concentrations in the
beluga whales of the St. Lawrence Estuary have resulted in
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low recruitment and a subsequent failure to recover from
overharvesting (Martineau et a l . 1987). In addition to
reproductive effects, exposure to organochlorines has been
linked to immunosuppression (Saxena et a l .1992, Anderson
1989, Koller 1984).
Although the manufacture of PCBs and DDT has been
banned in the United States for several decades,

inshore

environments continue to experience inputs of these
chemicals from urban runoff, release of sorbed compounds
from sediments,

leakage from old equipment and occasional

illegal dumping of old stores. DDT is still used in many
parts of the world, and atmospheric deposition may be an
additional source of input.
Few studies have been published regarding
organochlorine concentrations in sea turtles. Hillestad et
a l . 1974, measured total DDT (DDE + DDD + DDT) residue
levels ranging from .058 to .305 mg/kg in an unspecified
number of loggerhead eggs from three nesting beaches in
Georgia and South Carolina. Thompson et a l . 1974, found PCBs
and DDE at low /xg/kg concentrations in ten green turtle eggs
which had been taken from four females nesting at Ascension
Island in the South Atlantic Ocean. Clark & Krynitsky 1980,
reported similar results from their analysis of nine
loggerhead and two green turtle eggs taken from nests at
Merritt Island, Florida. McKim & Johnson 1983, analyzed
liver and muscle tissues from nine loggerhead and four green
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post-yearling turtles from the east coast of Florida and
found concentrations of PCBs and DDE comparable to those
reported in eggs from these species. Although the protected
status of these animals makes it difficult to acquire large
sample numbers, thorough studies are necessary. These
turtles may be particularly prone to accumulation of
lipophilic pollutants as marine turtles are long-lived
(Klinger 1992) and most species are relatively high on their
food chains.
Five species of sea turtles use the Chesapeake Bay
during the warmer months. These are in decreasing order of
abundance:

loggerheads (Caretta caretta), Kemp's ridleys

(Lepldochelys kempii), leatherbacks (Dermochelys coriacea),
greens (Chelonia mydas), and hawksbills (Eretmochelys
imbricata)

(Keinath et a l . 1987, Keinath et a l . 1991).

Although Kemp's ridleys are relatively common in Virginia
waters, they are the most endangered sea turtle in the world
(US NRC 1990). While this study focused primarily on
loggerheads and Kemp's ridleys, the two most abundant sea
turtles in the Chesapeake Bay, green turtles from Hawaii
were also analyzed when the opportunity arose.
Loggerheads and Kemp's ridleys may be exposed to
toxicants via contaminated prey and incidental ingestion of
sediments during benthic feeding. In the Chesapeake Bay,
loggerheads feed primarily on horseshoe crabs and ridleys
eat blue crabs (Lutcavage & Musick 1985). The presence of
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chlorinated hydrocarbons in the sediments and benthic biota
of the Chesapeake Bay has been documented (Hale 1988, Hale &
Smith 1988, Mothershead et a l . 1991). Green sea turtles are
lower on their respective food chain, as they are
herbivorous,

feeding mainly on sea grasses and algae (Ernst

& Barbour 1989). Larsson (1987) demonstrated the uptake and
storage of PCBs in at least one macroalga species. The
presence of organochlorines in Hawaiian estuarine sediments
has also been documented (Hawaii Department of Health 1978).
Fossil sea turtles of families which have living
representatives date back 75-100 million years (Waldichuk
1987). Man has existed for only 1 million years, yet today,
the survival of these ancient reptiles is in question due to
human factors such as accidental drowning in fishing nets,
mutilation by boat propellers, harvesting of eggs and
nesting females for food, capture for ornamental purposes
and loss of nesting habitat (Musick 1988). Although sea
turtles have been federally protected in the United States
since the 1973 passage of the Endangered Species Act,
recovery efforts may be affected by adverse biological
effects of organochlorine pollutants. Information on residue
levels in these animals is scarce, therefore the major
objectives of this study were:
1) To determine the tissue partitioning characteristics
of organochlorine compounds in marine turtles.
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2) To identify and quantify levels of chlorinated
pesticides and PCBs in sea turtles.
3) To determine the lipid composition of representative
sea turtle tissues and to relate this to
accumulation and partitioning of organochlorine
pollutants.

CHAPTER II
ORGANOCHLORINE CONCENTRATIONS IN ATLANTIC LOGGERHEAD
AND KEMP'S RIDLEY SEA TURTLES
Introduction
The objectives of this portion of the study were to
examine the partitioning characteristics of organochlorines
in Atlantic loggerhead and Kemp's ridley sea turtle tissues.
The concentrations and accumulation patterns of chlorinated
hydrocarbons in the samples were also determined.
A pilot study designed to examine tissue partitioning
involved samples of liver, subcutaneous fat, gonad, kidney,
and pectoral muscle. These tissues were selected because
organochlorine compounds accumulate in tissues with a high
lipid content (Kammann et a l . 1990, Boer 1988). Although
pectoral muscle has a relatively low triglyceride content,
it was included because it constitutes a large portion of
the animal's body mass. The remaining portion of the study
used the optimal tissues, as determined by the pilot study,
to document concentrations and accumulation profiles of
organochlorine pollutants in marine turtles.
Materials and Methods
Sampling: Twenty three stranded turtles were obtained from
the locations shown in Figure 1 between May 1991 and January
1992. Of these turtles, sixteen were from Virginia and the
remaining seven were from North Carolina. The Virginia
turtles were obtained from the VIMS sea turtle stranding
10
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network, which includes cooperating state and federal
agencies, volunteer organizations and private citizens. The
turtles from North Carolina were shipped to VIMS courtesy of
the National Marine Fisheries Service (NMFS) in Beaufort,
N.C. Dead sea turtles were necropsied and the tissues were
frozen at -20°C in jars which had been pre-rinsed with high
purity solvents. The knives used during the necropsies were
rinsed with hexane between each tissue collected to minimize
cross-contamination. Only turtles with minimal decomposition
were included in this study to minimize the effects of decay
on tissue integrity.

Stranding data for these turtles are

listed in Table 1.
Analysis: The analytical procedure was based upon the
methods outlined in the VIMS Division of Chemistry and
Toxicology Analytical Protocol For Hazardous Organic
Chemicals In Environmental Samples (1991). All glassware was
cleaned, baked, and rinsed with high purity solvents prior
to use.
Upon thawing, each tissue was homogenized and
chemically desiccated with a mixture of sodium sulfate and
precipitated silica (QUSO)(3:1) for two days or until dry.
Decachlorobiphenyl

(DCB) was added to each sample as an

internal quantitation standard. Dried tissues were then
extracted in a Soxhlet apparatus for 48 hours with
dichloromethane (DCM). A blank consisting of glass wool,
sodium sulfate and QUSO was run with each extraction batch
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Figure 1 - Stranding locations of Atlantic loggerheads and
Kemp's ridleys
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to monitor potential contamination.
An aliquot of each extract was retained for gravimetric
determination of DCM extractable lipids. The remainder of
the extracts were concentrated using rotoevaporation and
purified nitrogen. Organochlorines were separated from high
molecular weight biogenic compounds in the extracts by
preparative gel permeation chromatography (GPC) using S-X3
Biobeads (BioRad Laboratories, Richmond, C a .). The extracts
were eluted with a 1:1 mixture of DCM and cyclohexane. After
solvent reduction by rotoevaporation and purified nitrogen,
the extracts were further purified by open column
chromatography using Florisil (60-100 mesh, Alltech
Associates Inc., Deerfield,

II.) and eluted with DCM to

remove polar interferents.
The purified extracts were adjusted to a volume of
approximately 0.1 ml and a surrogate standard,
pentachlorobenzene (PtCB), was added. Aliquots (1 /il) were
injected on a Varian 3300 high resolution capillary gas
chromatograph (GC), equipped with a 30 m DB5 fused-silica
column (0.32 mm i.d., 0.25 /im film thickness, J & W
Scientific)

and an 01 4420 electrolytic conductivity

detector (ELCD; 01 Analytical, College Station, Tx.) using
hydrogen as the detector gas. The linear velocity of the
helium carrier gas was 3 0 cm/s. The temperature program
increased from 60°C to 310°C at 4°C/min. A Hewlett Packard
3350A Lab Automation System was used to collect and store GC
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Table 1. Atlantic loggerheads, Caretta caretta (Cc) and
Kemp's ridleys, Lepidochelys kempii

(Lk) involved

in study; E = euthanized , 3 = dead, slight bloat,
4 = dead, bloated, gray/green skin, F = female, M =
male, U = undetermined
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Table 1. See key on opposite page
Straight
Carapace Length
Notch to Notch
Condition
Sex
('em)
3
F
57.8

Stranding
Date
21 May 1991

Soecies
Location
Gwynn's Island
Cc

29 Jun 1991

Kilmarnock

Cc

E

46.2

F

05 Jun 1991

Yorktown

Cc

3

60 .4

F

21 May 1991

Bena

Cc

4

57 .7

U

22 May 1991

Fort Monroe

Cc

4

56.8

U

11 May 1991

Bena

Lk

4

43 .7

F

19 May 1991

Seaford

Cc

4

61. 3

U

21 May 1991

Fort Monroe

Cc

4

65. 2

F

03 Jun 1991

Deltaville

Cc

4

60.9

F

08 Jun 1991

Newpoint

Lk

4

44 .6

F

19 Sep 1991

North

Cc

E

83 .7

U

02 Dec 1991

Beaufort

Cc

3

57 .0

F

20 Dec 1991

Virginia Beach

Cc

E

54 .8

F

11 Nov 1991

Gwynn's Island

Cc

3

47 .5

F

09 Dec 1991

Beaufort

Cc

3

64 .9

M

27 Jun 1991

Newport News

Cc

E

60 .2

M

20 Jan 1992

Beaufort

Cc

3

56 .8

M

14 Aug 1991

Bena

Cc

4

58 .8

U

01 sep 1991

Virginia Beach

Cc

4

107 .0

U

09 Dec 1991

Beaufort

Lk

3

38 .5

U

10 Dec 1991

Beaufort

Cc

3

50 .2

F

18 Dec 1991

Beaufort

Cc

4

56 .1

M

18 Dec 1991

Beaufort

Cc

4

44 .0

F
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data. Tentative identifications were obtained by comparing
retention indexes of the analytes in question to those of
known retention standards which were run daily.
Identifications were confirmed by gas chromatography-mass
spectrometry (GC-MS) with an Extrel ELQ 4 00-2 quadrupole
mass spectrometer employing negative chemical
ionization. Quantitations were obtained by comparing the
area counts of the internal standard to those of the major
organochlorine peaks in the sample. This method is
diagrammed in Figure 2.
QA/QC: Accuracy and precision of the analytical techniques
were assessed by the use of appropriate blanks and the use
of an internal standard and a surrogate standard to
calculate percent recovery for each sample. The internal
standard, decachlorobiphenyl

(DCB), is added to the sample

at the beginning of the procedure. It is a compound that has
a chemical similarity to the analytes of interest, but does
not co-elute or interfere with the analysis. The surrogate
standard, pentachlorobenzene (PtCB), also has chemical
similarity to the analytes and has the same relative
response factor as the internal standard. It is added to the
sample immediately before injection on the GC. The area
counts of the two standards are compared to give the percent
of internal standard recovered. In this way, both the
performance of the GC and the efficiency of the procedure
can be monitored. Accuracy and precision for this method of

17
Figure 2. - Methodology

(subcutaneous fat,

Tissue
liver, pectoral muscle, kidney, gonad)

4
Desiccate
(anhydrous sodium sulfate: QUSO 3:1, 12-24 hours)

4
Add Internal Standard
(decachlorobiphenyl, DCB)
4

Soxhlet Extract
(dichloromethane, DCM: 48 hours)
4

Gel Permeation Chromatography
(molecular size exclusion of large biogenics)

4
Open Column Adsorption Chromatography
(Florisil eluted with DCM: removes polar interferents)
4

Capillary Gas Chromatography
(electrolytic conductivity detection)

4
Retention Index Comparison
(tentative identification of analytes by
comparison with standards)
4

Gas Chromatography-Mass Spectrometry
(confirmation of identification using
negative chemical ionization)
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analysis were estimated by Mothershead et a l . (1991).
Recovery of representative compounds, of which known amounts
were added to aliquots of sample tissue, was found to be
greater than 7 0% for compounds with a molecular weight of
phenanthrene and higher. The coefficient of variation for
the mean compound recovery, a measure of precision, was
approximately 20%.
Results
Highest concentrations of organochlorines were found in
the subcutaneous fat; followed by liver, kidney and pectoral
muscle. No pollutants were detected in gonads. Gravimetric
determinations of DCM extractable lipids indicated that the
lipid content of the tissues followed a similar pattern
(Table 2, Fig. 3), The three Kemp's ridleys analyzed
contained organochlorine concentrations which were
comparable to the ranges found in the loggerheads (Appendix
I ) . The data for these turtles were, therefore,

included in

the calculations of the means.
The major organochlorines detected were PCBs. Total
PCBs in the subcutaneous fat ranged from 55.4-1730 ng/kg,
while the liver contained 7.46-608 Mg/kg. Five congeners
typically accounted for more than 63% of the total PCBs
detected in liver and subcutaneous fat (Table 3). Of the
five major congeners present in these samples, congener #153
(IUPAC nomenclature) accounted for 27% of the total PCBs in
subcutaneous fat and 38% of the total PCBs in the liver, on
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Table 2. Organochlorines in tissues of Atlantic loggerheads
and Kemp's ridleys (Mean fiq/Kg, wet weight/standard
deviation)
Mean % Lipid
(wet weicrht)

Total
PCBs

DDE

53 .6
(26.3)

565
(443)

195
(244)

13 .4
(11.7)

2.37
(2.97)

21

12 .3
(8.14)

178
(178)

48 .7
(93.6)

2 .09
(3.24)

.251
(.812)

Kidney

3

2 .98
(.449)

1. 60
(2.27)

Gonad

3

1. 50
(.408)

Pectoral
muscle

5

.822
(.235)

Tissue

n

Subcutaneous
fat

23

Liver

BQL
.192
(.384)

= number analyzed

DDT

BQL

BQL

BQL

BQL

BQL

BQL

BQL

BQL

.187
(.373)

BQL - below quantitation limit
n

DDD
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Figure 3 - Organochlorine concentration vs. lipid content
(total lipid expressed as % wet weight)

in

several tissue types; SF = subcutaneous fat, L =
liver, K = kidney, G = gonad, PM = pectoral
muscle

MEAN % LIPID

MEAN TOTAL PCB (ppb)

TOTAL PCB and % LIPID
vs TISSUE

MEAN TOTAL PCB

MEAN % LIPID
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Table 3. Major PCB congeners present in tissues of Atlantic
loggerheads and Kemp's ridleys (mean % total PCBs/
standard deviation)
Tissue________ n_____ #153_____ #138_____ #180_____ #118_____ #187
Subcutaneous
fat

23

27.0
(5.58)

15.6
(3.43)

7.76
(3.10)

8.51
(2.31)

4.91
(1.38)

Liver

21

38.4
(13.5)

14.1
(6.03)

5.01
(3.16)

5.47
(3.87)

2.99
(2.22)

n = number analyzed
# = congener number (based on IUPAC nomenclature)
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average. The predominant congeners present were penta- to
heptachlorobiphenyls (Table 4). These congeners are
constituents of several Aroclor mixtures,

including Aroclor

1260, a PCB formulation that is 60% chlorine by weight (Fig.
4). Congener analysis was not conducted on kidney, gonad and
pectoral muscle due to the low concentrations of PCBs
observed in these tissues. Figure 5 presents a GC/ELCD
chromatogram from a representative turtle. The chromatogram
illustrates the general accumulation pattern of organo
chlorines seen in the turtles in this study.
Other organochlorines present in significant
concentrations were chlorinated pesticides. DDE was found in
the liver and subcutaneous fat of every turtle analyzed,
ranging from 1.89-458 M 9 /kg and 2.86-1210 /ig/kg,
respectively. DDD and parent DDT were found in lower
concentrations (Table 2). Components of chlordane, a widely
used pesticide, were also occasionally detected.
GC/ELCD chromatograms of early reagent blanks
contained peaks which did not co-elute with any of the
analytes. Later use of non-silanized glass wool alleviated
this problem. This suggests that the extraneous peaks were
residues of compounds used in the silanizing process. It is
therefore recommended that future analyses use non-silanized
glass wool. Mean recoveries of the internal standard DCB
were 95.4% ± 27.3% for the subcutaneous fat and 82.6% ±
26.7% for the liver.
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Table 4 - IUPAC Nomenclature of predominant congeners
congener number

structure
heptachlorobiphenvls

187

2,2',3,4'/5,5/,6

180

2,2',3,4,4',5,5'
hexachlorobiphenvls

153

2,2',4,4',5,5'

138

2,2',3,4,4',5'

pentachlorobipheny1
118

2,3',4,4' ,5
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Figure 4 - GC/ELCD chromatogram of Aroclor 1260 standard.
PCB peaks are labelled according to IUPAC
nomenclature. DCB = decachlorobiphenyl (internal
standard).
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Figure 5 - GC/ELCD chromatogram of the subcutaneous fat from
a representative turtle. PCB peaks are labelled
according to IUPAC nomenclature. DCB =
decachlorobiphenyl

(internal standard).
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Discussion
The highest concentrations of organochlorines were
found in the subcutaneous fat; followed by liver, kidney,
and pectoral muscle. This pattern of organochlorine
partitioning closely follows the relative lipid contents of
the tissues. Previous studies have found a strong
correlation between the lipid content of a tissue,
particularly the neutral lipid content, and the accumulation
of lipophilic pollutants

(Kammann et a l . 1990, Boer 1988).

Although gonad had a higher percentage of lipid than
pectoral muscle, no organochlorines were detected from this
tissue. Most of the turtles using the Chesapeake Bay in the
warmer months are juveniles (Keinath et a l . 1987, Lutcavage
& Musick 1985), and the small amount of gonad tissue
available from these turtles contributed to a high method
quantitation limit for this matrix.
Organochlorines in the tissues of Atlantic loggerheads
and Kemp's ridleys ranged from 2.86-1730 ^g/kg in the
subcutaneous fat and from 1.89-608 ^g/kg in the liver. This
high degree of variation may be attributed to several
factors. Condition of the animal and exposure may affect the
organochlorine content of an animal's tissues. Because of
the protected status of marine turtles, only stranded
animals could be used in this study. The turtles in this
sample varied widely in condition, ranging from emaciation
after prolonged illness and failure to feed, to apparently
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healthy turtles in good condition that had been killed
incidentally through human interaction. The exposure of
these animals to organochlorine pollutants could also vary,
as sea turtles migrate over large distances. Loggerheads and
Kemp's ridleys in the Chesapeake Bay have been shown to
migrate from south of Cape Hatteras in the spring. They
return south each fall as the water temperature drops nearer
to 18 °C (Keinath et a l . 1987, Lutcavage & Musick 1985).
Although there may be local concentrations of these species
at sea or in the area of nesting beaches, there is no
evidence that these animals migrate in groups. Loggerheads
tagged on the coast of the southeastern United States have
been reported from the northeastern United States and the
Gulf Of Mexico, as well as the Bahamas, the Dominican
Republic, Cuba, Yucatan, and Belize (Dodd, C.K., Jr. 1988).
This wide diversity in habitat inevitably leads to
differences in exposure, as some turtles may be feeding in
contaminated sites, while others are feeding in relatively
clean areas.
It is difficult to assess the impact of these compounds
at the observed levels. No safe limits have been established
for organochlorine concentrations. Studies exist linking
low-mid /xg/g concentrations of some organochlorines to
reproductive and hormonal dysfunctions and immunosuppression
(Saxena et a l . 1992, Goldman & Yawetz 1991, Roller 1984).
Bishop et a l . (1991) demonstrated a strong association
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between organochlorine contamination in the high fig/kg range
and poor egg development in the common snapping turtle.
Similar levels of organochlorine pollutants have been
documented in loggerhead and green turtle eggs and
postyearlings

(McKim & Johnson 1983, Clark & Krynitsky 1980,

Hillestad et a l . 1974, Thompson et a l . 1974).
The PCB congener accumulation pattern was similar in
all turtles analyzed. PCB #153

(IUPAC nomenclature) was the

predominant congener followed by #138, #118, #180, and #187.
These congeners have been reported to be major contributors
to total PCB concentrations observed in many studies
(Mothershead et a l . 1991, Gagnon & Dodson 1990, Boon &
Eijgenraam 1988, Muir et a l . 1988). These same congeners are
among those identified by McFarland & Clarke (1989) as the
36 most environmentally important congeners based on
potential toxicity, prevalence, and relative abundance in
animal tissues. They categorized #118 and #138 as most
likely to contribute to adverse biological effects due to
their strong induction of the mixed function oxidase system.
Congeners #153, #180, and #187 were characterized as less
toxic, but still important due to their environmental
prevalence.

CHAPTER III
ORGANOCHLORINE CONCENTRATIONS IN HAWAIIAN GREEN TURTLES

Introduction
In addition to Atlantic sea turtles, an opportunity
arose to analyze green turtles from Hawaii. Many Hawaiian
green turtles have been affected by fibropapilloma, an
epizootic condition which is currently ravaging green sea
turtle populations in several parts of the world. This
disease is characterized by the formation of large nonmalignant fibrous tumors both internally and externally.
Death often occurs without surgical removal of these
growths, either directly, as a result of the tumors, or
indirectly from starvation or increased predation (Jacobson
et a l . 1989). The etiologic agent of this disease remains
elusive. Many researchers have recently become interested in
a possible relationship between exposure to toxics and
incidence of fibropapilloma tumors in green sea turtles. The
pilot study described here was done in order to further
examine this possibility.
Materials and Methods
Samples of liver and subcutaneous fat were obtained
from five Hawaiian green turtles which had stranded at the
locations shown in Figure 6. Three of these turtles had
tumors which rated a score of 2, on a scale of 0-4, with the
tumor scoring system used by NMFS in Hawaii (Balazs 1991).
29
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Figure 6 - Stranding locations of Hawaiian green turtles.
A = tumor afflicted turtles.
afflicted turtles.

• = non-tumor

WAIALUA

OAHU
KANEOHE

DIAMOND
-i HEAD

©
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The remaining turtles were judged free of tumors by internal
and external exam. Stranding data for these turtles are
listed in Table 5. The tissue samples were collected by
George Balazs (of NMFS) according to established VIMS
protocol and placed in solvent rinsed jars. They were frozen
and shipped to VIMS in insulated boxes with blue ice. All
samples arrived cool and in good condition. They were then
frozen at -20°C for later analysis. Organochlorine analysis
was conducted as outlined in Chapter II.
Results
Regardless of tumor status, the concentrations of
organochlorines detected in the tissues of the green turtles
were low. The mean total PCB contents were 3.43 jug/kg ± 6.85
in liver and 22.9 /zg/kg ± 21.3 in subcutaneous fat. DDE was
found in the liver and subcutaneous fat at mean
concentrations of 1.2 6 jug/kg ± 2.52 and 4.97 jug/kg ± 8.82,
respectively. DDD was found in lower concentrations. Parent
DDT was not detected in either tissue of these turtles.
Individual results for these turtles are listed in Appendix
II. Reagent blanks run concurrently with these samples were
free of interfering peaks. The mean recovery of the internal
standard, DCB, was 92.9% ± 10.0.
The total tissue lipids of tumor afflicted turtles were
much lower than those of non-tumor afflicted turtles (Table
6). The

percent total lipids (wet weight) were initially

determined gravimetrically from the DCM extracts and were
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Table 5. Hawaiian green turtles, Chelonia mydas, involved in
study
Straight
Carapace Length
Stranding
Notch to Notch
date_________ Location_______ (cm)________Sex

Tumor Status
(scale = 0-4)

09 Apr

1992

Kaneohe Bay

43.2

M

0

29 Apr

1992

Kaneohe Bay

50.7

M

2

06 May

1992

Diamond Head

39.0

F

0

13 May

1992

Waialua

85.6

M

2

18 May

1992

Kaneohe Bay

63.8

M

2
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Table 6. Comparison of total DCM extractable lipid (% wet
weight) between tumor and non-tumor afflicted green
turtle tissues
Mean % Lipid ± standard deviation
n
Tumor (+) green turtles

3

Tumor (-) green turtles

2

Liver
3.57 ± 1 . 6 1
9.95

± 4.65

n = number analyzed

Subcutaneous fat
9.70±13.2
64.6 ± 2.30
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confirmed by a modification of the more widely used Bligh &
Dyer method (1959).

Statistical analysis was not conducted

due to the small sample size.
Discussion
Factors such as condition of the animal and exposure
may affect the organochlorine content of an animal's
tissues. PCBs and many organochlorine pesticides are
hydrophobic. This characteristic results in increased
partitioning into lipid rich tissues. The lipid contents of
the tissues taken from the tumor afflicted animals were low,
which is not surprising as many animals with this condition
are extremely emaciated (Balazs 1991). This is not believed
to have greatly affected the analysis, however, as the
tissues taken from the non-afflicted green turtles had lipid
levels similar to those found in corresponding loggerhead
tissues. Therefore, although the percentage of total lipids
differed with disease state, levels of organochlorines were
low in all the green turtles analyzed.
It should be noted that the upper limits of the ranges
reported for the Hawaiian green turtles are attributed to a
turtle which had stranded at Diamond Head. The values stated
for this turtle may be overestimated, due to interference of
biologic material which was not removed by the clean-up
process used.
Green sea turtles feed mainly on algae and sea grass
(Ernst & Barbour 1989). Because organochlorines may
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bioaccumulate via the food chain, these primarily
herbivorous turtles may have a lower incidence of exposure
to organochlorine chemicals than the largely carnivorous
loggerheads and Kemp's ridleys.
Organochlorine pollutant concentrations (expressed as
jLtg/kg tissue) were slightly higher in the non-tumor
afflicted turtles. This is probably due to the higher lipid
content of the tissues taken from these animals, relative to
that of the tumor afflicted turtles. The overall
organochlorine concentrations were low, however, in all the
green turtles analyzed. The small difference between tissue
pollutant levels of tumor vs. non-tumor afflicted turtles
does not mean that organochlorines are not involved. While
the limited number of turtles examined in this study makes
it difficult to draw conclusions, it is unlikely that
organochlorines are causing any acute effects at the levels
observed. Chronic effects are harder to assess, however.
Biological effects of organochlorines have been shown to be
species dependent and controlled studies must be done to
determine the effects of these and other toxicants on
specific biologic systems before they are ruled out as
contributing factors to fibropapilloma occurrence.

CHAPTER IV
LIPID ANALYSIS OF ATLANTIC LOGGERHEAD TURTLES
Introduction
The major lipid classes found in animal extracts are
triglycerides, partial glycerides (di- and mono-glycerides),
free fatty acids, cholesterol and cholesterol esters, and
complex lipids such as phospholipids and glycolipids. Wax
esters may also be present, usually in trace amounts,
although sometimes in major proportions (Christie 1982).
Triglycerides are the major storage lipid in animal tissues.
Partial glycerides are important as intermediates in the
biosynthesis of triglycerides and other lipids. They are
important intracellular messengers and are involved in the
regulation of vital processes in mammalian cells. Fatty
acids are compounds synthesized in nature via condensation
of malonyl-coenzyme A units by a fatty acid synthetase
complex. These compounds are the building blocks of lipids.
Free fatty acids and partial glycerides are intermediates or
end products in the breakdown of lipids and high proportions
in tissues may indicate degradation. Cholesterol is a major
component of steroids and in its free state, plays a vital
role in maintaining membrane fluidity. The complex lipids,
in this study considered a single class termed polar lipids,
are the major lipid components of plasma cell membranes.
Members of this class have been shown to have diverse
functions, including platelet activation, lung surfactant
36
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activity and a role in some immune responses. Wax esters
consist of fatty acids esterified to long-chain alcohols and
have a variety of functions, such as acting as energy
stores, waterproofing and echo-location (Christie 1989) .
Many organochlorines are hydrophobic and have been
shown to preferentially partition into tissues having a high
neutral lipid content, particularly triglyceride (Kammann et
a l . 1990, Boer 1988). This portion of the study was designed
to examine lipid class composition of selected loggerhead
turtle tissues and relate this to organochlorine pollutant
partitioning. The effectiveness of the DCM Soxhlet method of
total lipid extraction, currently in use in this laboratory,
was compared to the more conventional method of chloroformmethanol extraction.
Materials and Methods
Five loggerhead turtles, with minimal decomposition,
were selected from those described previously in Chapter II
(Table 7). Tissues were stored at -20°C until analysis. All
glassware was cleaned and acid rinsed prior to use.
Autoxidation was minimized by the addition of the
antioxidant BHT ("butylated hydroxy toluene" or 2,6-di-tertbutyl-p-cresol) to the extraction solvents. Solvents were
stored in brown glass bottles to prevent oxidation due to
strong light (Christie 1989).
Small samples (<500 mg) of subcutaneous fat, liver, and
pectoral muscle were analyzed in duplicate by a modified
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Table 7. Loggerhead turtles used in lipid analysis

Strandincj Date

Location

Straight
Carapace Length
(Notch to Notch)
Condition
(cm)

29 Jun 1991

Kilmarnock, Va.

E

46.2

19 Sep 1991

North, Va.

E

83.7

2 0 Dec 1991

Virginia Beach, Va.

E

54.8

11 Nov 1991

Gwynn's Island, Va.

3

47.5

09 Dec 1991

Beaufort, NC.

3

64.9

Where E = euthanized,

3 = dead, slight bloat, F = female

M = male, U = undetermined.
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Bligh & Dyer

(1959) procedure. The extraction solvent used

was chloroform-methanol-water in the final ratio of 2:2:1
(v/v/v). The purified extracts were dried under nitrogen and
1 ml chloroform was added. An aliquot of each extract was
used for the gravimetric determination of total lipid,
expressed as % wet weight. Recovery was calculated by
analyzing triplicate blanks and representative tissues to
which known amounts of a multi-class lipid standard had been
added. Lipid fractions were analyzed as described below to
determine lipid degradation.
Lipid classes were separated by thin layer
chromatography (TLC). Aliquots of the purified lipid
extracts were adjusted to approximately 5 mg/ml total lipid
in chloroform. These were spotted,
cm silica gel G plates
Associates,

in duplicate,

on 2 0 X 2 0

(250 jum layer thickness, Alltech

Inc., Deerfield, II.) which had been activated

for 1 hour at 110°C. The plates were developed twice in a
glass developing chamber with a mobile phase of hexanediethyl ether-glacial acetic acid in the ratio of 85:15:1 or
90:10:1 by volume
in a fume hood,

(Christie 1982). The plates were air dried

sprayed with 3% cupric acetate in 8% aqueous

phosphoric acid, and charred at 180°C for 2 0 minutes
(Fewster et a l . 1969). Optical densities of the charred
spots were quantitated with a GS-3 00 transmittance/
reflectance scanning densitometer
Instruments,

(Hoefer Scientific

San Francisco, Ca.). Peak areas were measured
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using UNIX based ARC/INFO software

(Environmental Systems

Research Institute, Redlands,

connected to a Numonics

Ca.)

digitizer. The lipid fractions were identified by comparison
to a non-polar lipid standard

(Lipid Mix B; Supelco,

Bellefonte, Pa.), run coincidently on each plate and were
expressed as percent of total lipid. Solvent blanks were
included on each plate to assay potential contamination.
Subsamples of the tissues used in the above analysis
were extracted in DCM as described in Chapter II and the
total lipid (% wet weight) was determined gravimetrically.
Aliquots of these extracts were adjusted to approximately 5
mg/ml total lipid and lipid fractions were determined as
described above.

Recovery and lipid degradation were

determined by analyzing triplicate blanks to which known
amounts of a lipid standard had been added.

Results
The highest proportion of triglycerides was found in
the subcutaneous fat; followed by the liver and the pectoral
muscle. This corresponds well to the pattern of
organochlorine accumulation seen in these turtles

(Figure

7). Subcutaneous fat was composed predominantly of
triglycerides

(83.8%). Liver showed a more even distribution

of lipid classes, with a predominance of free fatty acids
(24.4%). Although the % total lipids were not significantly
different

(a = .05), the predominant lipid class present in

pectoral muscle varied according to extraction method used.
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While the chloroform-methanol extraction method showed a
predominance of polar lipids

(32.5%), the DCM Soxhlet

extraction method indicated that free fatty acids

(46.9%)

were the major lipid class present in this tissue.
Overall comparison of the two extraction methods showed
little difference in the extraction efficiencies. Total
lipids extracted

(% wet weight) were not significantly

different as determined by a paired t-test

(a = .05). Paired

t-tests showed no significant differences in lipid class
composition, with the exception of polar lipids
as % total lipid)

(expressed

in the subcutaneous fat and pectoral

muscle, and free fatty acids in the pectoral muscle. These
results are summarized in Table 8.
Mean recoveries of lipid internal standard
lipid standard)

(multi-class

using the chloroform-methanol extraction

method were as follows: blank = 127% ± 1.88, tissue with
high % lipid = 103% ± 8.11, and tissue with low % lipid =
86.0% ± 7.11. Degradation of lipid classes for this method
was minimal. Recoveries of the individual lipid classes are
listed in Table 9.
Mean recovery of a lipid internal standard
lipid/ 50% triglyceride)
59.9% ± 2.04.

(50% polar

using the DCM Soxhlet method was

Subsequent TLC analysis of these extracts

showed that polar lipids accounted for a mean of only .612%
of the total lipids extracted. Triglycerides represented a
mean of 74.7% of the total lipids present and products of
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Figure 7 - Organochlorine concentration
tissue lipid composition

(mean jug/kg) vs.

(expressed as mean %

total lipid, chloroform-methanol extractable)
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Table 8. Lipid class analysis of loggerhead tissues

Mean % lipid
(standard deviation)
subcutaneous
pectoral
Tissue_______________ fat______________ liver_____________ muscle
B & D

DCM

B & D

DCM

B & D

DCM

56.6
(25.4)

68.8
(31.0)

12.7
(4.74)

16. 0
(4.71)

.912
(.472)

.818
(.200)

1.85
(.767)

7.91*
(3.29)

8.06
(5.59)

5.72
(2.34)

32.5
(9.01)

14.8*
(8.61)

Triglycerides

83 .8
(5.50)

69.7
(10.9)

24.4
(16.3)

17.1
(12.4)

10.8
(11.6)

4.97
(9.16)

Free fatty acids

.965
(1.19)

1. 64
(2.16)

30.6
(18.6)

39.2
(6.40)

12.9
(9.18)

46.9*
(6.28)

Cholesterol

1. 69
(1.02)

2.25
(1.30)

5.38
(3.51)

4.43
(2.80)

16. 2
(5.86)

15.5
(4.92)

Cholesterol
esters/wax
esters

5.51
(4.77)

1.59#
(3.17)

20.3
(22.0)

15.5
(10.7)

10. 9
(9.33)

4.66#
(3.17)

Total lipid
(% wet weight)
Lioid classes
Polar lipids
(% total lipids)
Neutral lipids
(% total lipids)

n = number of samples = 5 (except where noted # = 4)
* = significant difference by paired t-test
B & D = modified Bligh & Dyer method
DCM = dichloromethane Soxhlet method

(a = .05)
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Table 9. Degradation and recovery of a multi-class lipid
standard by chloroform-methanol extraction

Initial
composition
of standard
(% total lipid)

Final composition
of standard
(mean % total lipid ±
standard deviation^

Percent
Recovery

Lioid class
polar lipid
(lecithin)

19.6

15.1 ±

2.50

77.0

triglyceride
(menhaden oil)

2 0.8

20.7 ±

2.21

99.5

cholesterol

19.6

17.1 ±

2.50

87.2

wax ester
19 .6
(cetyl palmitate)

21.3 ±

2.70

109

free fatty acid
(stearic acid)

14.7 ±

3.06

72.8

2 0.2
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triglyceride degradation such as diglycerides,

free fatty

acids, and fatty acid methyl esters accounted for an
additional mean of 7.74%.

Discussion
Subcutaneous fat had the highest percentage of
triglyceride

(expressed as % total lipid), as determined by

both extraction methodologies. This tissue also had the
highest concentrations of organochlorines. Pectoral muscle,
which had the lowest level of triglycerides and the highest
level of polar lipids, had the lowest concentrations of
organochlorines. Previous studies

(Kammann et a l . 1990, Boer

1988) have found strong correlations between the polarity of
tissue lipids and the partitioning of lipophilic pollutants.
As the turtles in this study were juveniles,

it is not

surprising that sex had no apparent effect on the percent
total lipid or the lipid class composition of the loggerhead
tissues. The one known male included in the study had
percentages of lipid fractions in the same range as the
other turtles.

Although it is impossible to draw

conclusions based upon this one turtle, the observation
agrees with a previous study

(Solomon & Tippett 1991)

in

which lipid accumulation was found to be independent of sex
in captive marine turtles.
Seasonal changes have been reported in the total lipids
of a fresh-water turtle

(McPherson & Marion 1982). While

seasonal variations were not evident in this study,

lipid
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utilization trends in these animals must be interpreted with
care. Three of the five animals analyzed had been euthanized
after prolonged illness and failure to feed. The remaining
two animals were put on ice immediately upon death, however
some decomposition had already begun by the time of
necropsy. This degradation may have contributed to the high
percentages of free fatty acids, which are hydrolysis
products of saponifiable lipids,

in the tissues analyzed.

While there are limitations to these samples, they were
chosen for the study because they were the freshest samples
available. Because sea turtles are endangered,

tissue

samples are generally obtained from animals found stranded
on the beach. These animals are often in poor condition when
retrieved.
Comparison between the conventional chloroform-methanol
method of total lipid extraction and the DCM Soxhlet method
did not indicate a significant difference
lipid content

(a = .05)

in total

(% wet w eight). The DCM Soxhlet method was

found to exhibit some degree of lipid class degradation,
however,

as determined by the standard which was analyzed by

this procedure.

Degradation products represented 7.74% of

the total lipid in the standard after Soxhlet extraction.
These results were confirmed by the samples which were
analyzed by both methods. Pectoral muscle showed the
greatest degradation, with significantly lower polar lipid
content and a significantly higher free fatty acid content
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than the corresponding tissues analyzed by the modified
Bligh & Dyer method. Analysis of lipid standards indicated
that degradation was minimal when the chloroform-methanol
procedure was used.
Lipid class discrimination was also evident in the DCM
Soxhlet extraction method. Recovery of total lipid from an
added standard

(composed of 50% polar lipid and 50%

triglyceride) was 59.9%.

Subsequent analysis by TLC

indicated that most of the polar lipids had been lost during
extraction. Triglyceride represented 74.7% of the final
composition of the standard. This discrimination appears to
be matrix related.

The standard had been added into a blank

consisting of sodium sulfate, precipitated silica

(QUSO),

and unsilanized glass wool. The low recovery of polar lipids
in these samples may be due to interactions between this
lipid fraction and the reagents used in the analysis.
Recoveries of representative lipid classes were high using
chloroform-methanol extraction. The lowest recoveries
observed with this method were of polar lipid and free fatty
acid. This may be due to the partitioning of a portion of
these less hydrophobic lipid fractions into the more polar
methanol phase during the biphasic extraction process.
Although the DCM Soxhlet method of lipid extraction
exhibits degradation and discrimination of lipid classes,
the extraction of total lipids

(% wet weight)

is comparable

to the more conventional method of chloroform-methanol
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extraction. DCM Soxhlet extraction of total lipids is used
in this laboratory primarily as a precaution against
overloading sensitive equipment with lipid and in the
correlation of total lipid content with pollutant levels.
While this method appears to be appropriate for this use,
conventional chloroform-methanol extraction is recommended
for detailed lipid analysis.

CHAPTER V
CONCLUSIONS
Atlantic loggerhead and Kemp's ridley sea turtles
contain detectable concentrations of organochlorine
pollutants in their tissues. These compounds

preferentially

partition into tissues with high percentages of lipid,
particularly triglyceride. The major group of
organochlorines observed were PCBs, which were detected in
the jug/kg-low MU/U range.

Five congeners accounted for most

of the PCBs present, with the predominant congener being
#153. These congeners were penta- to heptachlorobiphenyls,
and are constituents of several technical Aroclor
formulations. Chlorinated pesticide residues were also
detected in these turtles. DDE, a metabolite of the
organochlorine pesticide DDT, was found in the liver and
subcutaneous fat of each of

these turtles. D D D , another

degradation product of DDT,

and parent DDT were found

lower concentrations.

at

Components of the organochlorine

pesticide chlordane were occasionally detected.

Because the

turtles in this study were juveniles, with a mean straight
carapace length of 58.0 cm ± 14.0, they may not reflect the
organochlorine body burdens
Hawaiian green turtles

of adults.
had much lower levels of

organochlorines in their tissues. This is believed to be a
function of their diet. The primarily herbivorous green
turtles may have a lower incidence of exposure to
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organochlorine contaminants than the largely carnivorous
loggerhead and Kemp's ridley turtles.
It is difficult to assess the impact of organochlorine
pollutants on these animals. Although it is unlikely that
these contaminants are causing acute effects at the observed
concentrations,

chronic effects such as decreased

reproductive success and immunosuppression are much harder
to determine.

Biological effects of organochlorines have

been shown to be species dependent.

Controlled studies to

determine the effects of these toxicants on specific sea
turtle systems, perhaps through the use of cell culture
techniques or surrogate species, may provide more
information regarding the role organochlorine compounds play
in the recovery of these endangered animals.

APPENDIX I. Organochlorine concentrations in Atlantic sea
turtles (jug/kg) , where Cc - Caretta caretta
(loggerhead), Lk = Lepidochelys kempii (Kemp's
ridley), SPCB = total PCB, BQL = below
quantitation limit and * = mean of two
replicates
Stranding
Date/Tissue

Location

21 Mav 1991

Gwvnn's Island

Soecies

ZPCB

DDE

DDD

DDT

Cc

Liver

29. 3

15.8

BQL

BQL

274

105

2.39

BQL

.960

.933

BQL

BQL

BQL

BQL

BQL

BQL

4.82

BQL

BQL

BQL

Liver

15.1

16.8

BQL

BQL

Subcutaneous fat

55.4

28.9

BQL

BQL

Subcutaneous fat
Pectoral muscle
Gonad
Kidney
29 Jun 1991

Cc

Kilmarnock

Pectoral muscle

BQL

BQL

BQL

BQL

Gonad

BQL

BQL

BQL

BQL

BQL

05 Jun 1991

Yorktown

Cc

Liver *

41.9

13.8

BQL

Subcutaneous fat

95. 6

45.5

7.04 BQL

Pectoral muscle

BQL

BQL

BQL

BQL

Gonad

BQL

BQL

BQL

BQL

Kidney

BQL

BQL

BQL

BQL

33.5

34.6

BQL

BQL

21 Mav 1991

Bena

Cc

Liver
Subcutaneous fat

609

408

Pectoral muscle

BQL

BQL
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12.2 4.31
BQL

BQL
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APPENDIX I.

(continued)

Stranding
Date/Tissue

Location

22 Mav 1991

Fort Monroe

Species

2PCB

DDE

DDD

DDT

Cc

Liver

84.3

9. 35

BQL

BQL

Subcutaneous fat

227

98.9

3 .01

BQL

Pectoral muscle

BQL

BQL

BQL

BQL

Kidney

BQL

BQL

BQL

BQL

Liver

360

55. 5

9 .75

BQL

Subcutaneous fat

281

95.7

15.5

BQL

Liver

303

31.6

Subcutaneous fat

184

96.2

5.55

BQL

345

21.0

BQL

BQL

158

18.3

BQL

45.6

4.08

BQL

272

35. 6

BQL

11 Mav 1991

19 Mav 1991

21 Mav 1991

Bena

Seaford

Fort Monroe

Lk

Cc

1030

Subcutaneous fat
Deltaville

Cc
434

Liver

1730

Subcutaneous fat
08 Jun 1991

Newpoint

3.44

Cc

Liver

03 Jun 1991

.918

Lk

Liver

608

54 .2

11.4

BQL

Subcutaneous fat

794

194

42.1

BQL

Liver

8 .26

4 .99

BQL

BQL

Subcutaneous fat

203

77.4

6.44 3.50

19 Sen 1991

North

Cc
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Appendix I.

(continued)

Stranding
Date/Tissue

Location

02 Dec 1991

Beaufort

Species

2PCB

DDE

DDD

DDT

BQL

Cc

Liver

10. 3

1.89

BQL

Subcutaneous fat

316

76.1

7. 03 2.63

237

59.1

4.17

186

7.62 3.77

20 Dec 1991

Vircrinia Beach

Cc

Liver*
Subcutaneous fat
11 Nov 1991

Gwvnn's Island

1010

BQL

Cc

Liver

126

30 .6

2.87

BQL

Subcutaneous fat

834

202

33.7

BQL

Liver

7 .46

6.72

BQL

BQL

Subcutaneous fat

205

54.5

7.78 5.29

Liver

115

63 .1

2 .04 1.82

Subcutaneous fat

446

185

13 .1 10.8

132

25.9

BQL

BQL

441

9.96

BQL

09 Dec 1991

27 Jun 1991

20 Jan 1992

Beaufort

Newoort News

Beaufort

Cc

Cc

Cc

Liver

1140

Subcutaneous fat
14 Auer 1991

Bena

Cc

Liver

156

13.6

BQL

BQL

Subcutaneous fat

506

99.0

BQL

BQL
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(continued)

Stranding
Date/Tissue

Location

01 Sen 1991

Vircrinia Beach

Soecies

DDE

DDD

DDT

514

458

3.76

BQL

1340

1210

Cc

Liver
Subcutaneous fat
09 Dec 1991

2PCB

22.9 2.68

Lk

Beaufort

Liver

158

56.8

4.94

Subcutaneous fat

904

292

32 .0 5.19

Liver

13 .8

4 .03

BQL

Subcutaneous fat

374

74.7

14.9 6.08

356

76.8

6.19 7.07

82 .9

2.86

5.03 3.12

10 Dec 1991

18 Dec 1991

Cc

Beaufort

Beaufort

(1)

Beaufort

Subcutaneous fat

(2)

BQL

Cc

Subcutaneous fat
18 Dec 1991

BQL

Cc

APPENDIX II. Organochlorine concentrations in Hawaiian green
sea turtles (fig/Is.g) , where EPCB = total PCB and
BQL = below quantitation limit

Stranding
Date/Tissue

Location

09 Aor 1992

Kaneohe Bav

EPCB

DDE

DDD

DDT

Liver

BQL

BQL

BQL

BQL

Subcutaneous fat

36.0

2.34

0. 68

BQL

Liver

BQL

BQL

BQL

BQL

Subcutaneous fat

BQL

BQL

BQL

BQL

Liver

17 .1

6.31

.945

BQL

Subcutaneous fat

58 .2

22.5

9 .62

BQL

BQL

BQL

BQL

BQL

11.3

BQL

BQL

BQL

BQL

BQL

BQL

BQL

9.15

BQL

BQL

BQL

29 Aor 1992

06 Mav 1992

13 Mav 1992
Liver

Kaneohe Bav

Diamond Head

Waialua

Subcutaneous fat
18 Mav 1992

Kaneohe Bav

Liver
Subcutaneous fat
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